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INTRODUCTION 
This  paper  is one of several  giving the  results  of measurements  of 
respiration  before  and  after  fertilization  in  a  number  of marine  eggs 
including Fucus, Chaetopterus, Cumingia, Arbacia and Nerds. 
A  general  discussion  is  reserved  for  another  paper  (1),  the  fourth 
of  this  series.  The  present  report  will  largely  be  confined  to  the 
measurements  on  Nerds  eggs. 
The eggs of Nereis are unusual in several respects.  They are fairly large, aver- 
aging nearly 140 microns in diameter.  A  few minutes after fertilization an im- 
mense amount of jelly is secreted by the egg; so much that one volume of eggs in 
sixteen  volumes  of sea  water  makes  a  firm jell.  Before  fertilization  the  ger- 
minal vesicle is intact.  About 18 minutes after fertilization  (21°C.)  the vesicles 
of most of the eggs of a sample have broken down.  45 minutes after fertilization 
about half of the eggs have the first polar body fully formed, and after 60 minutes, 
the second polar body.  50 per cent of the eggs have undergone the first cleavage 
at about 95 minutes.  Lillie  (2) has shown that the sperm does not actually enter 
the egg until about 40 or 50 minutes after insemination although it  has activated 
the  egg and  instigated  these  changes by piercing  the  egg  with  its  tip.  When 
an attempt is made to cut the  unfertilized Nerds egg with the microneedie it is 
found to be enclosed in an  exceedingly  tough  membrane.  This is probably one 
reason  why Nerds eggs withstand  shaking in  a  manometer  exceptionally well. 
99 per cent fertilization was obtained when sperm were added to eggs which had 
been shaking in a manometer for 4 hours. 
Nerds were collected in the Eel Pond at Woods Hole in the months of August 
and September,  1930.  At the beginning of an experiment the gametes were ob- 
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tained by cutting an animal in half with a pair of scissors.  Extraneous material 
was removed from the eggs with forceps.  The eggs were not washed or put in 
large volumes of sea water. 
The Measurements 
Four small rectangular Warburg manometer vessels were used.  These vessels 
had been designed so that  the ratio of the gas volume to the fluid volume was 
favorable  for  measurements  on small amounts  of eggs.  In  each vessel 0.2  cc. 
5 per cent KOH was placed in a  well or in a  bulb to absorb CO2.  For each ex- 
periment the four vessels were used  as  follows: One vessel contained sea  water 
and served as a barometric control.  Two vessels contained approximately equal 
quantities of eggs in sea water.  One of these two egg-containing vessels was not 
inseminated, but served as an unfertilized control to make sure that the conditions 
of the experiment were such as to give an approximately uniform rate of respira- 
tion throughout the experiment.  The eggs in the other vessel were inseminated 
after  satisfactory  measurements  had  been  obtained  of  the  unfertilized rate  of 
oxygen  consumption.  The  fourth  vessel contained  sea  water  to  which  sperm 
were added in like amount when the eggs were inseminated.  It served as a con- 
trol for the respiration of the sperm, which in all cases was negligible.  After an 
experiment the contents of the egg-containing  vessels  were  centrifuged in  cali- 
brated vaccine tubes in which volume could be read to about  1 c.mm.  After a 
certain amount of centrifuging the eggs did not pack or compress further  to any 
measurable extent, and a fairly reliable measure of volume could be  made in this 
way.  Even the fertilized eggs within the jelly could be measured as the  jelly is 
thrown  off and left behind.  The volumes were determined so  that  the results 
may be expressed in absolute units and can be compared with those from  other 
eggs.  There is no doubt some free space among the packed eggs, so that  the ob- 
served volumes are  probably  a  little  too  great.  This  is  probably  not  a  large 
error and is at least fairly constant for different experiments. 
Fertilizing the Eggs 
Each vessel was equipped with a small bulb at the top of one side, with a ground 
stopper.  Dry sperm or sperm suspensions could be placed in the bulb and could 
later be mixed with the eggs by tipping the manometer.  It had been found in 
work  on Fucus, Ckaetopterus, Arbacia, and Cumlngla that  fertilization was not 
very successful when insemination was performed in this way.  After sperm have 
been in the bulb, in a CO2-free atmosphere for a short time, they will not fertilize a 
large percentage of the eggs, even though when the vessel is opened and fresh sperm 
are added  to the eggs, high percentages of fertilization may result.  Nerds  was 
no exception.  In order to get a reliable measure of the unfertilized rate, measure- 
ments  were extended over a  period of about  an  hour  before fertilization, with 
readings usually every 10 minutes, after an initial period  of 15 minutes  for  the 
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measured with reasonably consistent readings, the vessel to be inseminated was 
removed from the thermostat, opened with slight handling, sperm were added, and 
a like volume of sea water removed, and the vessel was quickly returned to the 
thermostat bath after being out less than a  m{nute.  The  temperature of  the 
water bath thermostat  was  21°C  ±0.05.  Blank  runs  had  shown  that  after 
this procedure ten minutes were adequate for the vessel to return to the tempera- 
ture of the bath (which was very close to room temperature).  The next reading 
was made 10 minutes after fertilization, and the second reading then gave a meas- 
urement covering the period 10-20 minutes after fertilization.  In this way high 
percentages of fertilization were obtained while sacrificing measurement during 
the first 10 minutes following fertilization. 
Mter extended measurements have given a  value for the unfertilized rate, if 
instead of inseminating the eggs directly, sperm are now placed in the bulb, the 
10 minute period which is lost for temperature equilibrium may precede fertiliza- 
tion.  Following  temperature equilibrium a reading is then taken and the manom- 
eter is tipped so that the sperm mix with the eggs.  A second reading 10 minutes 
later gives a measurement covering the first 10 minute period after fertilization. 
In this way the sperm are kept in the bulb only 10 minutes instead of throughout 
the period of measurement on the unfertilized egg.  One such experiment was 
performed with 40 per cent fertilization. 
A  Di.~culty Peculiar to Nerds 
A suitable speed of manometer shaking which did not damage the eggs and yet 
maintained gas equilibrium between the sea water and the air space above it was 
found by preliminary trials with unfertilized eggs.  A certain rate and amplitude 
of shake was found to give constant readings.  However, following fertilization, 
the Nerds eggs secrete such a quantity of jelly that even a moderate concentration 
of eggs in the vessel (such as 250 c.mm. of eggs in 4000 c~mm. of sea water) results 
in a  gelation of the whole mass so that the effects of shaking are largely nullified. 
Gas exchange is limited to the rate of diffusion.  The rate of penetration of oxygen 
into the medium containing the eggs is retarded so as to give an erroneously low 
measure of consumption.  Retention of COs within the jelly may also suppress 
the  respiratory rate  of  the  eggs.  This difficulty was  encountered in the  first 
experiment.  20 minutes after fertilization a marked decrease in the rate of oxy- 
gen consumption to well below the prefertilization rate was observed, after an 
initial increase.  Since this depression period began at about the same time the 
nuclear sap of the germinal vesicle is liberated into the cytoplasm it presented 
some points of interest.  The vessel contained 250 c.mm. eggs,  100 per cent fer- 
tilized, in 4 cc. of  sea water, and was found to  have gelated to a solid mass, in 
which  however  the  eggs  cleaved perfectly,  in spite  of  suppressed  respiration, 
and at  the  same time as more dilute controls.  Line "d" Fig. 3  shows  actual 
measured rates for this vessel following fertilization.  Repetition of the experi- 
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formation  of small gelatinous islands or clumps of eggs which floated about freely 
in the fluid medium.  In this medium gas equilibrium could more nearly be main- 
tained.  The results of this experiment and of others using dilute egg suspensions 
showed a much reduced decrease in uptake of 02 at the time it was observed in the 
gelated  egg  mass.  In new  experiments  with  concentrated eggs, and  gelation, 
decrease again  appeared.  The decrease at this  time therefore  appears  to be at 
least  largely an error of measurement  due to the suppression of gas exchange by 
gelation of the medium. 
It was necessary therefore to use small quantities  of eggs in the experiments  in 
which  eggs were  fertilized.  This  of  course  reduced  the  effect  measured,  and 
therefore  the  accuracy of measurements  in  proportion.  The accuracy was  re- 
gained  in  some cases  by extending  the  time  between  measurements.  In  any 
event the measurements  turned out to be accurate enough to show approximately 
what happens. 
RESULTS 
The rates of oxygen consumption were calculated in terms of mm3 02 
per  hour per  10 ram? eggs.  Following Warburg  (3),  when  KOH is 
used  to  absorb  C02: 
E  1 
X  =h  ~'-f-+ VF~ 
Po 
where  X  =  ram? 02  consumed,  h  =  change in  pressure  (observed) 
in  ram.  of  manometer  fluid  (Brodie's  fluid)  at  constant  volume, 
Va  =  volume in ram? of the  gas space from the  surface of  the  sea 
water  to  the  meniscus,  Vp  =  fluid  volume in  mm?,  a  =  solubility 
coefficient of oxygen in sea water  (Bunsen's coefficient), Po  =  stand- 
ard pressure in ram. manometer fluid (10,000 mm. Brodie 760 ram.  = 
Hg). 
Fifteen measurements were made of the rate of 02 consumption of 
unfertilized  eggs,  each  measurement  consisting  of  the  average  of 
consecutive readings  (usually 10 minutes apart)  for between 40 min- 
utes and an hour.  The results are given in Table I. 
The number of useful experiments  measuring the change following 
fertilization is not so great, as a  number of the cases listed in Table I 
are  fertilized  controls, or in  the  case of the  earlier  experiments  with 
larger volumes of eggs were of no value after fertilization  because of 
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The  results  of  seven  measurements of  the  rate  before  and  after 
fertilization are  included in  Table  II.  The  individual detailed  re- 
sults of two of  these are  plotted  below as samples  (Figs.  1 and 2). 
Fig. 1 shows the actual readings converted to absolute units of one of 
the best experiments.  More than 95 per cent of the eggs fertilized. 
Unfortunately  the  simultaneous  unfertilized  control  was  rendered 
useless because of a meniscus of sea water which splashed up over the 
TABLE  I 
Consumption of Oxygen by Eggs of Nereis 
Unfertilized Eggs 
Experiment  Vol. eggs  Vol. sea water  Mm. 30~ per hour 
per  10 ram.  a eggs 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
mm°  3 
200 
222 
250 
63 
61 
58 
58 
149 
150 
150 
155 
35 
34 
35 
31 
4 
4 
4 
4 
4 
2 
2 
2 
2 
2 
2 
4 
4 
4 
4 
1.24 
1.07 
1.35 
0.85 
0.89 
1.50 
1.30 
1.34 
1.10 
1.04 
0.82 
0.91 
0.76 
1.01 
1.10 
Average .................................................  1.10 
mouth of the manometer.  There is every reason to suppose that it 
is a  reliable experiment however, as the conditions were the same as 
in other good experiments.  The egg concentration is small, 31 ram? 
eggs in 4000  ram.  3 sea water, so that suppression of gas exchange by 
gelation is not great.  Fig. 2 represents the results of an experiment 
with a  simultaneous unfertilized control.  The period of most of the 
measurements in  this  case  has  been  extended  to  20  minutes.  100 
per cent of the eggs fertilized.  There were 35 ram? in 4000 ram? sea 196  RATE  OF OXYGEN  CONSUMPTION  BY  EGGS.  Ill 
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water.  This  experiment  shows a  relatively less increase in  the first 
hour  following fertilization  than  most of the  experiments.  The  un- 
fertilized control  (dotted line)  runs  at a  rate slightly below average. D.  WHITAICER  197 
The general relationships are typical, however.  One reading cover- 
ing the period 15-20 minutes after fertilization shows a slightly greater 
rate at this time than just following.  This phenomenon was found in 
all cases. 
One experiment (Table II, Exp. 3)  was designed for a  special pur- 
pose.  The insemination was performed in the way described in the 
last paragraph  of the  section  "Fertilizing  the  eggs."  The  eggs  and 
sperm were mixed by tipping the manometer, and a measurement was 
made covering the first 10 minute period following fertilization.  In 
the other experiments no measurement was obtained over this period. 
40 per cent fertilization resulted.  A high concentration of eggs was 
used  to  increase  the  accuracy of measurement at  this  period  (145 
TABLE II 
Rate of  respira- 
Experiment  Vol. eggs  Vol. sea water  Post-fertilization  tion of fertilized  period average  Fertilization  eggs as per cent 
of unfertilized 
mm.  8 
63 
61 
145 
125 
35 
31 
? 
CC. 
4 
4 
2 
2 
4 
4 
4 
mln. 
10-40 
10--40 
0-40 
10-40 
15-40 
10-40 
20-40 
~er cent 
100 
95 
40 
45 
100 
95  + 
90  + 
per cent 
141 
140 
116 
136 
125 
142 
127 
mm.~ in 3000 ram? sea water).  The suppression due to gelation had 
previously been found to  become effective mostly after this  period. 
It was therefore advisable for the purpose  to  concentrate the  eggs 
and  accept  the  subsequent  suppression.  The  rate  during  the  first 
10  minute period following fertilization was higher than during the 
second 10 minute period.  The suppressing effect of gelation begins 
to be effective during the end of this period.  The rate of the third 
10  minute period was below the  prefertilization rate.  Due  to  the 
suppression the results of the experiment are of little value except for 
the period immediately following fertilization.  The first 10  minute 
period is at high rate.  The rise in respiratory rate apparently takes 
place very soon after fertilization, probably immediately. 198  RATE  OF OXYGEN  CONSUMPTION  BY  EGGS.  III 
From such diagrams  as Figs.  1 and 2 it is seen that  after fertiliza- 
tion  the rate gradually rises  (although  with a  dip between about 20 
and 40 minutes)  for the first 2 hours after fertilization,  when the ex- 
periments were ended.  Since in all experiments except one no meas- 
urement  was made  covering the  first  10 minutes  after  fertilization, 
the  first  40 minutes  after fertilization,  or that  part  of it  measured, 
has  been arbitrarily  chosen  as a  period  for general  comparison  with 
the prefertilization period.  Table II shows the average rate over this 
forty minute  period  expressed as a  percentage  of the prefertilization 
rate of the same eggs.  The results of seven experiments are included. 
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If the  result of the  third  experiment  (116 per cent)  is omitted be- 
cause it is known  to be too low, due to  crowding and  gelation,  the 
average of the other six experiments,  for the  first  40  minutes  after 
fertilization,  is 135 per cent of the prefertilization  rate.  A schematic 
representation of this result is given with blocks in Fig. 3.  "Block A" 
represents  the  average  prefertilization  rate,  "Block B"  the  average 
rate of the first 40 minutes after fertilization.  "Curve c" represents 
the approximate observed rate  (average of all experiments)  following 
fertilization  somewhat schematized. D. W I-IITAI(ER  199 
The Depression Which Follows Soon after  Fertilization 
The  solid line  "Curve c"  in  Fig.  3  illustrates  a  phenomenon  ob- 
served in all seven  experiments:  a  gradual decline in rate of respira- 
tion  following the  early post-fertilization  measurements  until  about 
the period 30-40 minutes  after fertilization,  after which the rate con- 
tinues  to  rise  until  the  end  of  the  experiments.  The  only  visible 
event taking place in the egg at the time of the decline is the break- 
down of the germinal vesicle with the liberation of the nuclear sap at 
about  18 or  19 minutes  after fertilization.  This may possibly have 
something to do with the drop, but there is no good reason to believe 
so.  The beginning of the decline precedes this event in the cases in 
which the time intervals  of measurement  afford  information  on  this 
point.  It  has  been  noted  earlier  that  high  concentrations  of  eggs, 
by virtue of the jelly which they secrete, cause a firm gelation of the 
sea water, and a marked depression in respiration  at about this same 
time.  Line  "d"  Fig.  3  shows post-fertilization  measurements  in  an 
experiment  with  concentrated  eggs  (250  ram. 3 eggs  in  4000  ram. s 
sea  water)  and  with  100  per  cent  fertilization.  It  seems probable 
that  the depression as indicated  in Fig. 3  "Curve c" represents  this 
same  effect, reduced  in magnitude  in  vessels containing  fewer eggs, 
but not entirely eliminated.  If this is so, the observed values (Fig. 
3 "Block B" and "Curve c") are probably somewhat too low, and the 
dotted  "Curve e"  Fig.  3  may represent more correct values.  This 
would mean a  rate for the first 40 minutes,  as well as the first 10 or 
20 minutes after fertilization, of about 145 per cent of the prefertiliza- 
tion rate, instead of 135 per cent which is represented by "Block B." 
SV~A~Y AND CONCLUSIONS 
I. The rate  of consumption of  oxygen by unfertilized  Nerds  eggs 
is about I.I mm?  O= per hour per I0 nun.  ~  eggs. 
2. Following fertilization  the rate increases  to 135 per cent or 145 
per cent of the prefertilization  rate,  and continues to increase for 2 
hours (the  duration of the measurements). 
I am much indebted to Professor W. J. Crozier,  under whose direc- 
tion this  work was done, for valuable advice and criticism. 200  RATE  OF  OXYGEN  CONSUMPTION  BY  EGGS.  III 
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